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[Tebles referred to are appended./

[’._l‘his is another report describing work on phosphorus compounds
being synthesized and investigated at the Kazan' Affiliate, Academy
of Sciences USSR. It appears from the constitution of the compounds
listed that some of them, or close analogues of them prepared in the
fame e .must act-ds -cholinesteraseinhibijors; i,ei:;ynerve podsons.
Compounds of the type described may also serve as intermediates in
the synthesis of. substances exhibiting increased cholinesterase ac-
tivity in comparison with the intermediate compound. No intention to
carry out an investigation along these lines haes been expressed by
the Soviet investigators; this is purely conjectural and refers to a
potential rather then a known or explicitly announced line of researm_']

Introduction

Gil'm Kamay [ 1_7 first studled the action cf CCly on alkyl esters’ ‘of phos-
phorus and phenylphosphonic acids in 1945, and showed that the esters ol phos- :
phorus acid vl‘zen 8lightly heated, and the esters of phenylphosphonic +:cia evern/ \
at room temperature react with CCly to give esters of trichloromethylphoaphm:ic
acid and esters of phenyltricbloromethylphosphnir acid, respectively. In the -
course of.these investigations, Kemay and his co-workers -~ in that instance’
L. P. Yegorova -- alsc studied the action of CClh on various alkyl esters of p-
‘tolylphosphonicxaci&. ' . )

Michaelis and Paneck /2 7/ prepared ethy} ether of p-tolylphosphonic acid

with bp 2400 for the first time in 1882 by reacting aodium ethylate w:lth p-tolyl- \P
dichlorosphosphine ) : ! .
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In the current paper, Kemay and his collaborator, Z. L. Khissmova, pre-
pared alkyl esters of p-tolylphosphonic acid by the action of the correspond--
ing alcohols with p-tolyldichlorophosphine in the présence of dimethylaniline,
and data concerning these esters is given in Table 1. ' i

These esters are readily mobile, colorless liguids with unpleasant odors;
they can be distilled in vacuum without decomposing. They are hydrolyzed under
the action of water to form p-tolylphosphonic acid. As derivatives of triva-
lent phosphorus, they react exothermically with monohalide salts of copper and
alkyl halides.

The authors investigated the exothermic interaction of methyl iodide with
various newly synthesized esters of“p-tolylphosphonic acid.

Table 2 gives data on these resulting esters of p-tolylmethylphosphinic
acid, which are colorless liguids of dense consistency and weak ousr. Heating
them with concentrated hydrochloric acid results in their saponification to
form p-tolylmethylphosphinic acid with bp 119-120°, identical to that of the
compound prepared earlier by Michaelis 3_7.

In the present investigation, Kamay end his co-worker also studied the
action of CCly on esters of p-tolylphosphonic acid, and were able to show that
these esters readily react exothermically and that the reaction proceeds accord-
ing to the following scheme;

CqE7P(OR)2 + CCl3Cl-—> C7H7\P +(0R)2
© cey” Der

C7H7 ~ < OR C7H7\

/P ~0 —_ /P-OR + RC1
CCl3 CC13

{
0

The esters prepared in the sbove manner are described in Table 3. They are
colorless liquids with a characteristic pleasant odor, and can be distilled with- -
out decomposing under high pressure.

Alkyl esters of trichloromethyl-p-tolylphosphinic acid, as a result of being
heated with HC1, are first saponified to form alkyl chlorides and trichloromethyl-:
p-tolylphosphinic acid. However, prolonged heating of the acid apparently hy-
drolyzes it to effect a more profound change, resulting in the formation of p-
tolylphosphonic acid according to the following scheme:

Cql7
N
P-0R ——> CqHy
>P-0H — C

/1 H7P(OH)
cel3” o cc1;” T

0 0

The authors plan to make a more detailed investigation of the products of )
this hydrolysis reaction. - '

Experimental Secion

The original product -- p-tolyldichlorophosphine -- was prepared according
‘to the method of Michaelis and Paneck [ 2 /., It is_a colorless liquid with an .
unpleasant odor; by3 120%; dQ 1.2864; dgC71.2666; nf® 1.5886. 3
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1. Preparation of Methyl Ester of p-Tolylphosphonic Acid

A total of 13.5 g of methyl alcohol, 50.2 g of dimethylaniline, and
100 ml of absolute ethyl ether vere placed into o round-bottomed flask equipped
with an agitator, drop funnel, and reflux condenser. Under good cooling and
continuous egitation, 40 g of p-tolyldichlorophosphine were added to the mix-
ture through the drop funnel. A large quantity of heat was liberated in the
interaction. Next, the contents of the flask were boiled for 30 minutes on a
water bath. The following day, the precipitated crystals of the hydrochloride
of dimethylaniline were separated by filtration-and then washed with dry ether.
The ether was driven off from the solution on a water bath, and the residue dis-
tilled in yacuum.

b3y 107-109° for the main fraciion; yileld: 5éﬁ of the theoretical.
0.1017 g of substance; 31.1 ml NaOH (1 ml NaOH = 0.5479 mg P)

Found % of Pp; 16:77

Calculated % of P: 16.85

c':9nl3021= -

Methyl ester of p-tolylphosphonic acid rescted with copper monohalides.
a§ 1.0709; a3° 1.0427; 530 1.5305.

2. Isomerization of Methyl Ester of p-Tolylphosphonic Acid Into Methyl Ester
of P-Tolylmethylphosphinic Acig.

To & flask equipped with a reflux condenser and containing 9 g of the
first compound were gradually added 5 g of methyl iodide. The reaction then pro-
ceeded, with the liberation of considerable heat, to give a Yield of about 90%.

b13 151-152°

0.1315 g of substance; 40.05 ml NaOH (1 ml NaOH = 0.5479 mg P)

Found % of P: 16.67

Calculated % of P: 16.85

CoH1 3007 .

a3 1.1315; a5 1.1204; 3’ 1.5280

Saponification of Methyl Ester of P-Tolylmethylphosphinic Acid

. In a flask with a reflux condenser, 5 g of the above substance and 15
ml of concentrated HC1 were boiled 3 hours. After removal of the HCl, a crystal-
line substance. was obtained, which was then recrystallized from alcohol and
found to have bp 119-120°, . According to Michaelis » p-tolylmethylphosphinic acid
has bp 120°, :

4. Preparation of Methyl Ester of ‘.I'richloromethyl—p-Tolylphosphinic Acid.

To 9.5 g of Cclu in a fiask equipped with a reflux condenser were grad-
ually added 12 g of the methyl ester of p-tolylphosphinic acid. The result was
& violent exothermic reaction, ss a result of which methy) chloride was quanti-
tatively eliminated. The residual liquid was distilled in vacuum.

b, 128¢130°%; dg 1.2328; 420 1.2140; ng0 1.5312

0.1238 g of substance; 23.6 ml Nagg (1 ml NaoOH = 0.5459 mg p)
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Found % of P: 10.41

Calculated % of P: 10.77

0931002013P

This compound dissolves in many organic solvents.

5. Preparation of the Ethyl Ester of p~Tolylphosphonic Acid

According to the method described in the introduction, from 18.1
g of absolute ethyl alcohol, 50 g of dimethylaniline, and 40 g of p-tolyl-
dichlorophosphine in a medium of ebsolute ether was prepared the echyl ester
of p-tolylphosphonic acid. -

by 123-1259 and yield of 19 8 (or 50%) for the main fraction

0.1301 g of substance; 35.4 ml Naog (1 ml NaOH = 0.5459 nmg P)

Found % of P: 14.85

Calculg.t’ed % of P: 14.63

C11H;70oP

a5° 1.0380; a8 1.0210; 38 1.5138

6. Isomerization of Ethyl Ester of p-Tolylphosphonic Acid Into Ethyl Ester
of p-Tolylethylphosphinic Acid. )

After 9 g of the first substance and 6 g of ethyl iodide were placed in
a flask equipped with & reflux condenser, the contents were boiled on & water bath
for 2 hours.

l bl3 161° for the isomerized product

0.1316 g of substance; 35.8 ml NaOE (1 ml NaOH = 0.5459 mg p)

Found % of P: 14.85

Calculated % of P: 14.63

C1181702P

a8 1.0830; 436 1.0697; ni® 1.5105

Pr_paration of the Ethyl Ester of ’.['richloromethyl—p-'.[‘olylphosphinic
Acid

Into a flask were put 11 g of the ethyl ester of P-tolylphosphonic acid,
and 8 g of CClh were then gradually added through the drop funnel to. produce a
marked exothermic reaction. The reaction mixture was boiled for 2 hours on &
water bath, after which the liquid assumed a Yyellowish color,

by 157° for the basic fraction

0.1265 g of substance; 0.1779 g of AgCl

0.1166 g of substance; 22.7 ml Naog (1 m1 NaOH = 0.5459 mg P)

0.1288 g or substance; 24.75 ml Naog

Found % of P; 10.62, 10.49; of c1: 24.79
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Calculated % of P: 10.38; of Cl: 35.20

a9 1.3260; 6%6 1.3103; nl6 1,5428

Saponification of Ethyl Ester of Trichloromethyl-p-Tolylphosphinic Acid

For 2 hours, 4 g of this compound were boiled with 12 ml of concen-
trated BHC1l in a flask equipped with a reflux condenser. After removal of the
HC1l by multiple evaporation with water bn'k water; bath]' mecrystalline.substance
vas. obtaiped. -Fheicrysials, arepgolublelin alcohol -end ether, After recrystalliza-
tion from the latter, they were found to have the bp 18M,5-185°,

0.0922 g of substance; 19.5 ml NaOH (1 ml NaOE = 0.5459 mg P)

0.0990 g of substance; 21.1 ml NaOH

0.1056 g of substance; 0.1638 g AgCl

Found % of P: 11.5k4, 11.63; of Cl: 38.41

Calculated % of P: 11.35; of Cl: 38.90

c53302c13p

Preparation of the p-Propyl Ester of p-Tolylphosphonic Acid

From 24 g of propyl alcohol, 50 g of dimethylaniline, and 40 g of
p-tolyldichlorophosphine in a medium of absolute ether, the above compound was
prepared in the same manner as the analogous esters described previously in this
article,

bg 129-130° and yield of 81.9% for the main fraction

0.1108 g of substence; 24.8 mg NaOH (1 ml NaOH = 0.5718 mg P)

Found % of P: 12.76

Calculated % of P: 12.92

013321021’

a8 1.0091; a3® 0.9937; 3 1.5070

10. Action of Methyl Iodide on the Propyl Ester of p-Tolylphosphonic Acid

A pronounce& exothermic reaction was obtained by gradually adding 8.8
g of methyl iodide through a drop funnel into & round-bottomed flask equipped
with a reflux condenser and containing 15 g of the second compound. To complete
the reaction, the mixture was boiled on a water bath for 3 hours.

byo 167° and yield of 92% for the main fraction

0.1101 g of substance; 28.7 ml NaOH (1 ml NaOH = 0.5718 mg P)

Found % of P: 14.91

Calculated % of P: 14.62

.
-

C11H170P

e
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The propyl ester of methyl-p-tolylphosphinic acid which is formed
dissolves well in ether, chloroform, end benzene.

&9 1.0889; d%6 1.0650; n%s 1.5185

Saponification of this substance with Hgl resulted in the elimination
of methyl-p-tolylphosphinic acid with bp 119-120°,

11. Preparation of the Propyl Ester of Trichloromethyl-p-Tolylphosphinic
Acid

A total of 12 g of this substance were prepared from 15 g of propyl ester
of p-tolylphosphonic acid and 10 g of Cclu.

b3 169-170°

0.1194 g of substance; 21.5 ml NaOH (1 ml NaOH = 0.5718 mg P)
Found % of P: 10.27

Calculated % of fﬁ 9.84

C11H1405C13P

This compoundlﬁissolves in organic sglvents.

a9 1.3094; d$§ 1.20kk; n%s 1.5370 ~ -

Saponification of this ester with HC1 produces trichloromethyl-p-tolyl-
phosphinic acid with bp 184°,

12. Preparatlon of n-Butyl Ester of p-Tolylphosphonic Acid
A yield of 89.3% of the theoretical of this compound was obtained from
30.7 g of butyl alcohol, 50 g of dimethylaniline, and 40 go of p-tolyldichloro-
phosphine in-a medium of abséliute ether, 1
b33 170-171°
0.1168 g of substance; 24.8 ml NaOH (1 ml NaOH = 0.5519 mg P)
0.1228 g of substance; 25.4 ml NacH
Found $§ of P: 11.75; 11.42
Calculated % of P: 11.57
015H2502P

This ester is not soluble in water, but is readily dissolved in ether
and alcohol. '

9 a9 0.9899; 4 0.9776; ag? 1.502%

13. Action of Methyl Iodide on n-Butyl Ester of p-Tolylphosphonic Acid

The interaction of 5.2 g of the first compoun& and 10 g of the latter
gave 7.6 8 1l.e., about 90% of the theoretical, of n-butyl ester of p-tolylphos-
phinic acid.

by 1780 \
d§ 1.0722; a3® 1.0583; ng 1.5092
-6 -
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0.1124 g of substance; 27.6 ml NaOH (1 ml NeOH = 0.5519 mg P)
0.1160 g of substence 28.3 ml NaOH
Found % of P: 13.55, 13.51

Calculated % of P: 13.72
C12H1 g0

Seponification of the butyl ester of methyl-p-tolylphosphigic acid by
heating with HCl gave methly-p-tolylphosphinic acid with bp 119-120".

14, Prepsration of the Butyl Ester of Trichloromethyl-p-Tolylphosphinic
Acid

Preparation of this ester is 'ane.logous to that 6f the methyl ester, i.e.,
it is accomplished by heating 10 g of the butyl ester of p-tolylphosphonic acid
and 5.7 g of CCly under the seme conditions. After removal by distillation of
the butyl chloride, the residusl dense liquid.was distilled in vacuum.

by 180-181°

a0 1.2303; a}® 1.2143; nlS 1.5276

0.1003 g of substance; 0.1289 g AgCl.

0.1042 g of substance; 18.4 ml NaOH (1 ml NaOH = 0.5519 mg P)

0.1078 g of substance; 19,1 ml NaOH (1 ml NaOH = 0.55 k/mg)
Found % of P: 9.74, 9.77; of Cl; 32.28

Calculated % of P: 19.42; of Cl: 31.79

C12H1602C13P

Saponification of this ester resulted in the formation of p-tolyltri-
chloromethylphosphinic acid with bp 184°,

15. Preparation of Iscbutyl Ester of p-Tolylphosphinic Acid

From 30.7 g of isobutyl alcohol, 50 g of dimethylaniline, and 40 g of

p-;olyldichlorophosphine wes synthesized the isobutyl ester of p-tolylphosphinic
acid.

by3 155-1560 and yield of about T7%

0.1075 g.of substance; 22.8 ml NaOH

0.1051 g of substance; 22.4 ml NaOH (1 ml NaOH 7 0.5519 mg P)
Found 4 of P: 11.70, 11.76 ’

Calculated % of P: 11.57

C15H2502F

a8 0.9807; a6 0.9667; nlb 1.4g87
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] 16. Preparation of the Isobutyl Ester of Trichloromethyl-p-Tolylphos-
phinic Acid )

This substance was prepared from the exothermic reaction of 16 g of )
isobutyl ester of p-tolylphosphonic acid and 7.2 g of CClh. isobutyl chloride 3

vas eliminated almost quantitetively, ¥ield of the csier was about 599 of

the theoretical.
b), 178-180°
a9 1.2661; 426 1.2250; nl6 15204
0.1368 g of substance; 23.8 ml NeOH (1 ml NaOH = 0.5519 mg P)
Found % of P: 9.60
Calculated % of P: 9.42
C1pH; 605C1 P

Upon heating with BC1l, the product
p-tolylphosphinic acid with bp 184°.

es saponified to form trichloromethyl-
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Table 1
plo of Bp at a0 n
Preparation Substance - 6-13 mn o D
1 C;E;P(0CH; )p 107-108 1.0709 1.5325
2 C7E7P(0CoHs) o 123-125° 1.0380 1.5138
3 CH7P(0C3Hy ) on 129-130° 1.0092 1.5070
4 C7H7P(OC1,_H9) on 170-171° 0.9899 1.502k
5 C7H7P(004H9)2iso 155-156° 0.9807 1.4987
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Table 3 (Contd)

No of
Preparation Substance

4 (o]
\p - 0y n  180-181°

I
ccly 0

CHy
N 00 Hgis0

w1}
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